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R� = 1 + (�� 1)
�
D (T )
PGD

�0 388(��1)0 173

(24)
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B TCU084 Chi-Chi 4
B 2046; KJM Kobe 5
B Castlic Old Ridge Northridge 6
C 89530 Petrolia Cape Mendocino 7
C Erzinkan Erzinkan 8

C Elcentro Array#9 Imperial Valley 9
D Takzrazu Kobe 10
D Ambarli Kocaeli 11
D Apee12 Redwood City Loma Prieta 12

"B ẁv l =N QO =yVwQ Q=}at h=QLv= Q}O=kt "4 pwOH
?w=vD |=yxQwO |x}rm T > 0 5 T � 0 5 VwQ

0 72 0 77 0 19 lQ=tw}v
0 83 0 88 0 38 pO} Q
1 11 1 16 0 72 Qrmv} w=Qm
0 60 0 64 0 20 =Ov=Q}t
0 77 0 83 0 21 l}O} w
0 34 0 36 0 17 =JwQ
0 40 0 41 0 25 u=R=@
0 79 0 85 0 22 wvwQ@
1 06 1 13 0 41 TwB=m

"C ẁv l =N QO =yVwQ Q=}at h=QLv= Q}O=kt "5 pwOH
?w=vD |=yxQwO |x}rm T > 0 7 T � 0 7 VwQ

0 52 0 55 0 25 lQ=tw}v
0 55 0 56 0 46 pO} Q
0 78 0 76 0 88 Qrmv} w=Qm
0 59 0 61 0 41 =Ov=Q}t
0 53 0 56 0 23 l}O} w
1 03 1 13 0 20 =JwQ
0 47 0 50 0 20 u=R=@
0 35 0 37 0 17 wvwQ@
0 72 0 75 0 45 TwB=m

"D ẁv l =N QO =yVwQ Q=}at h=QLv= Q}O=kt "6 pwOH
?w=vD |=yxQwO |x}rm T > 1 0 T � 1 0 VwQ

0 57 0 60 0 38 lQ=tw}v
0 60 0 60 0 68 pO} Q
0 84 0 80 1 18 Qrmv} w=Qm
0 53 0 56 0 29 =Ov=Q}t
0 55 0 59 0 21 l}O} w
0 90 0 95 0 49 =JwQ
0 58 0 59 0 23 u=R=@
0 54 0 58 0 18 wvwQ@
0 97 1 04 0 40 TwB=m

|@}mQD VwQ |x�=Q= "5
'hrDNt |=yVwQ Q=}at h=QLv= Q}O=kt |xU}=kt R= w 6 |r= 3 pw=OH G}=Dv T=U=Q@
Qw_vtx@ xR=U |Q}PBpmW w ?w=vD |xQwO 'l =N ẁv R=|a@=D CQwYx@|@}mQD|WwQ
|}=H@=H u}}aD |=Q@ N2 VwQ QO w 'CU= xOW O=yvW}B '|Q}PBpmW ?} Q[ u}}aD

%CU= xDiQo Q=Qk xO=iDU= OQwt pO=at |O=R; xHQO l} |xR=U hOy
%�23 |x]@=Q� |ovU QDU@ |=Q@ u=Q=mty w =Ov=Q}t VwQ %A ẁv l =N �

R� = �� 1
1 + 1

T (10��) � 1
2T exp

h�1 5 (lnT � 0 6)2i + 1 (23)
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x�=Q=w xOQt Q=@ w Oqwi w uD@ |xYNWt Ctw=kt |=Q@ 400 Mpa w 25 Mpa ZQi
"CU= xDiQo CQwY C=k@] |t=tD |=Q@ 2 kN/m2 w 6 kN/m2 |xOvR

=yxR=U C}iQ_ h}] |x}yD w |}xRQr |@=} RQ= "1"6
w?=NDv= XCyH QO xvwtv ?=kl} '`=iDQ= w uqB QO =yxR=Uu}= uOw@s_vt x@ xHwD =@
'xOWQmP Q=Ri=sQv QO "CU= xDiQo Q=Qk|UQQ@ wp}rLD OQwt [25]'Opensees Q=Ri=sQv QO
Displacement- Beam-Column Element u=tr= \UwD =yuwDU w =yQ}D
w Oqwi |R=UpOt "Ov=xOW pOt Fiber Section |x}qOvJ `]=kt w Based

OpenSees |xv=N@=Dm QO OwHwtConcrete 01 wSteel 01 Kr=Yt \UwD uD@
Mander \@=wQ R= xO=iDU= =@ |WQ@ |=yQwD=tQ; |oOWQwYLt QF= w �7 pmW� s=Hv=
"CU= xOW ^=Lr xOQt Q=@ C=QF= \ki R}v |}xRQr QF-wt uRw QO [26]"CU= xOW Qw_vt "=yOQwmQ uOQmx}=Bty VwQ R= |}xvwtv "5 pmW

[22]"xO=iDU= OQwt |=y pOt "6 pmW

"=ypOt C=}�RH "8 pwOH
uwDU Q}D R=QD pOtO=a@= R O=a@= R+ R� xk@]

45� 45 16�22 40� 30 3�22 5�22 1�3 xk@] 3
T1 = 0 76 s

65� 65 24�25 55� 45 5�25 7�25 1�3 xk@] 960� 60 16�25 50� 40 5�25 7�25 4�6
T1 = 1 57 s55� 55 16�20 45� 35 5�20 7�20 7�9

80� 80 28�30 65� 55 7�30 9�30 1�3
xk@] 2070� 70 24�30 60� 50 7�30 9�30 4�10

T1 = 2 78 s60� 60 24�25 55� 45 7�25 9�25 11�15
50� 50 20�20 50� 40 7�20 9�20 16�20
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"5 OQwmQ |=Q@ xar=]t OQwt |=ypOt C}iQ_ h}] "8 pmW

=ypOt hOy |}=H@=H |x@U=Lt "2"6
Qy CLD |UQQ@ OQwt |=ypOt pO=at |O=R; xHQO l} |=yxR=U hOy |}=H@=H
|@}mQD VwQ w Fema440 'NTHA |=yVwQ =@ '7 pwOH |=yOQwmQ R= l}
=Q hOy |}=H@=H j}kO Q}O=kt xm 'NTHA VwQ QO "Ov=xOt; CUOx@ |O=yvW}B
pY=L|]N wOC}iQ_ |=yh}] 'CU=yVwQ |xU}=kt |=v@t w OyO|tCUOx@
|O=R; xHQO l} |=yxR=U Kr=Yt VvQm � VvD |=yQ=Owtv u=wvax@ '"2"6 VN@ R=
u}= Oa@ s=o QO "Ov=xOW xDiQo Q_v QO |UQQ@ OQwt |=ypOt pO=at 'u=UWmQ}e
|}=H@=H |xv}W}@ w Ov=xDiQo Q=Qk xrRrR |=yOQwmQ CLD |O=R; xHQO l} |=yxR=U
hOy |}=H@=H |x@U=Lt |=Q@ 'Fema440 VwQ QO [27]"CU= xOt; CUOx@ =yv;

[4]%CU= xOW xO=iDU= 31 |x]@=Q R= pO=at |O=R; xHQO l} |xR=U
�t SDOF = C1C2C3Sd = C1C2C3Sa

T 2
e

4�2 (31)

Te QF-wt |rY= ?w=vD u=tR <=R= x@ |i}] |}=H@=H Sd w |i}] ?=DW Sa 'u; QO xm
'CU= u; u=UWm |}=H@=H x@ s=@ u=UWmQ}e |}=H@=H |xv}W}@ C@Uv C1 "CU=

%O};|t CUOx@ 32 |x]@=Q R= xm

C1 =

8><>:1 + R�1
�T 2
e
; C1 � 1

1; C1 < 1
(32)

%O};|t CUOx@ 33 |x]@=Q R= R Q=Okt 'u; QO xm
R = 1 + Sa

Vy=W
Cm (33)

pm uRw W 's}rUD Ctw=kt x@ R=}vOQwt |a=HDQ= Ctw=kt C@Uv R 'u; QO xm
xm 'CU= pw= Owt QF-wt sQH ?} Q[ Cm w u=tDN=U s}rUD Ctw=kt Vy 'u=tDN=U
?}DQD x@ R}v � ?} Q[ Q=Okt "CU= 0 9 'xk@] 3 |q=@ |=yxR=U |=Q@ u; Q=Okt

"CU= D w C 'B ẁv |=yQDU@ |=Q@ 60 w 90 '130 Q@=Q@
|}=H@=H |wQ Q@T} RQDU}y |=yxNQJ pmW C=QF= |xOvyOu=WvC2 u}vJty

%OwW|t x@U=Lt 34 |x]@=Q R= xm 'CU= hOy
C2 = 1 + 1

800 (R� 1
T

)2 (34)

|m}t=v}O swO |xHQO |=yp}rLD C=QF= uDiQo Q_vQO Qw_vtx@ R}v C3 ?} Q[
'OvQ=O s}rUD R= TB |D@Ft |DNU xm |}=yxR=U QO ?} Q[ u}= "CU= �P-Delta�
u}= QO |UQQ@ OQwt |=ypOt QO Cr=L u}= xm 'OwW|t xDiQo Q_v QO 1 Q@=Q@

[25]"Kr=Yt VvQm VvD Q=Owtv "7 pmW

|W}=Ri= |]NQ}e |m}t=v}O p}rLD VwQ x@ jwi |=ypOt |}xRQr |@=} RQ=
xR=U pO=at |O=R; xHQO l} sDU}U C}iQ_ h}] u}tND |=Q@ w s=Hv= IDA

`} RwD ?Q[pY=L R= |W=v |xOWs=Hv= Q=m T=U=Q@ |SQv= Q@ |vD@t OQm} wQ R=
V}=Ri= 'u}=Q@=v@ [22]"CU= xOW xO=iDU= xk@] Qy |r=kDv= |}=H@=H QO |@v=H Q=@
j@=]t IDA p}rLD s=oQy QO '�De pO=at |O=R; xHQO l} sDU}U |}=H@=H

%CU= x@U=Lt p@=k 27 |x]@=Q
�D(i)

e = �E(i)
.
V (i)
b (27)

%O};|t CUOx@ 28 |x]@=Q R= �E(i) u; QO xm

�E(i) = �E(i)
F =

KX
j=1

F (i)
j :�d(i)

j (28)

|vLvt |=yQwLt� S(i)
a |i}] ?=DW w S(i)

d |i}] |}=H@=H Q}O=kt u}vJty
xO=iDU= =@ s=o Qy QO �ADRS CtQi QO pO=at |O=R; |xHQO l} sDU}U C}iQ_

%OvwW|t x@U=Lt 30 w 29 \@=wQ R=

S(i)
d =

X
�De =

X"
KX
j=1

(F (i)
j :�d(i)

j )=
KX
j=1

F (i)
j

#
(29)

S(i)
a = Vb

W
(30)

xOWs=Hv= Q=m R= pY=L |SQv= C=Q}}eD �E(i) w s)=i s=o QO x}=B VQ@ Vb '=yu; QO xm
QO s)=j |xk@] Q_=vDt |@v=H |wQ}v |xv}W}@ F (i)

j 'C=k@] |@v=H |=ywQ}v \UwD
C=k@] O=OaDK w s)=i s=o QO s)=j |xk@] |r=kDv= |}=H@=H |xv}W}@ �d(i)

j 's)=i s=o
wO FEMA440 VwQ x@ pY=L C}iQ_ |=yh}] 'Oa@ s=o QO "OvDUy xR=U
Erzinkan OQwmQ |=Q@ =ypOtC}iQ_h}] '8 pmW QO xvwtv |=Q@ "OvwW|t|]N

"CU= xOW xO=O u=Wv �5 OQwmQ�
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|Q}oxH}Dv "7
|@}mQD |WwQ 'u=UWmQ}e h}] O}rwD |=yVwQ CkO |@=} RQ= =@ Q=DWwv u}= QO
w ?w=vD |xQwO 'l =N ẁv T=U=Q@ u=wD|t u; R= xO=iDU= =@ xm CU= xOW x�=Q=
|L=Q] h}] =} xt=vu}}; u=UWm h}] |wQ R= =Q u=UWmQ}e h}] '|Q}PBpmW
VwQ x@ hQ=aDt `=iDQ= =@ s_vt |=yxR=U hOy |}=H@=H u}}aD QO w OQw; CUOx@

"O=O Q=Qk xO=iDU= OQwt N2
QO x=oCN=U l =N ẁv uDiQoQ_vQO =@ xm OvyO|t u=Wv xar=]t u}= G}=Dv
|}=H@=H Q=Okt R= |@U=vt u}tND N2 VwQ 'u=UWmQ}eh}] u}tND VwQ ?=NDv=

"OyO|t CUO hOy

"hOy |}=H@=HQ}O=kt "9 pmW

w N2 VwQ R= R}v |O=yvW}B VwQ x@ hOy |}=H@=H "Ovm|t jOY R}v Q=DWwv
x@U=Lt 5 VN@ QO xOWx�=Q= u=UWmQ}e h}] u}tND |=yVwQ R= xO=iDU= =@

"Ov=xOW
l} |xR=U hOy |}=H@=H |=Q@ xOt;CUOx@ G}=Dv R= xvwtv OvJ '9 pmW QO
R}v 10 pmW |=yQ=Owtv "CU= xOW x�=Q= QwmPt |=yVwQ x@ pO=at |O=R; xHQO
x=oCN=U l =N ẁv T=U=Q@ =Q Fema440 w N2 VwQ wO R= l} Qy |=]N u=R}t
QO |@ wN CkO |O=yvW}B VwQ 'OwW|t xOy=Wt xm xvwou=ty "OvyO|t u=Wv
Qt= u}= "OQ=O |UQQ@ OQwt xk@] 20 w 9 '3 s_vt |=ypOt hOy |}=H@=H u}tND
'u=UWmQ}eh}] |x}yD |=Q@ Q=DWwv u}= QO |O=yvW}B|@}mQD VwQ xm OyO|t u=Wv

"OQ=O |@U=vt CkO

=yCWwv=B
1. Pushover
2. Capacity Spectrum Method
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